BACKGROUND: Although operative delivery increases the risk of immediate pelvic floor trauma, no previous studies have adequately compared directly the effects of different kinds of instrumental vaginal deliveries on stress urinary incontinence and/or urgency urinary incontinence.
modification, including an age threshold of 50 years. RESULTS: The final analysis included 13,694 women of whom 12.7% reported stress urinary incontinence and 8.4% urgency urinary incontinence. Among women aged younger than 50 years, there was a statistically significant difference in the risk of stress urinary incontinence for forceps delivery (odds ratio, 1.42, 95% confidence interval, 1.09e1.86, absolute difference 5.0%) but not for vacuum (odds ratio, 0.80, 95% confidence interval, 0.59e1.09) when compared with spontaneous vaginal delivery. Among women aged younger than 50 years, forceps also had increased risk for stress urinary incontinence (odds ratio, 1.76, 95% confidence interval, 1.20e2.60) when compared with vacuum. There was no association of stress or urgency urinary incontinence with mode of delivery in women aged 50 years or older. CONCLUSION: For women aged younger than 50 years, forceps delivery is associated with significant increased long-term risk of stress urinary incontinence compared with other vaginal deliveries.
Key words: forceps, instrumental delivery, stress urinary incontinence, urgency urinary incontinence, urinary incontinence, vacuum, vaginal delivery, ventouse U rinary incontinence is a common condition among women and is associated with significant impact on quality of life and huge societal costs. 1, 2 The International Continence Society and International Urogynecological Association define stress urinary incontinence (SUI) as the involuntary loss of urine on effort or physical exertion or on sneezing or coughing and urgency urinary incontinence (UUI) as involuntary loss of urine associated with a sudden and compelling desire to pass urine. 3 Both from the population perspective and from an individual perspective, SUI and UUI are the most burdensome and bothersome of all urinary symptoms in women. 4 Established risk factors for both major subtypes of urinary incontinence (UI) include age 2 and body mass index 5 ; the prevalence and the associated costs of these conditions is therefore likely to increase with future demographic changes.
Vaginal delivery is associated with an almost 2-fold increase in the risk of developing SUI, compared with cesarean delivery, with a smaller effect on UUI. 6, 7 This difference is greatest in younger women and diminishes progressively in older women. 6 There are, however, no prior studies directly comparing different kinds of operative vaginal deliveries (forceps and vacuum) for the risk of both SUI and UUI. Earlier studies have either analyzed both major subtypes of incontinence as a single cluster or failed to compare vacuum extraction with forceps delivery.
Because SUI and UUI have different underlying pathologies, 2,8 combining them may have obscured important associations. We aimed to estimate and compare the effects of different kinds of vaginal deliveries on SUI and UUI, using a large prospective, population-based study.
Materials and Methods
We used data from the ongoing NordTrøndelag Health (HUNT) study. Every citizen of Nord-Trøndelag County in Norway aged 20 years or older was invited to participate in a series of questionnaires, interviews, clinical measurements, and collection of biological samples (blood and urine). The questionnaires included questions on socioeconomic conditions, healthrelated behaviors, symptoms, illnesses, and diseases. The present analyses include data from HUNT2 (over the period 1995e1997) and HUNT3 (2006e2008). We obtained ethical approval from the Norwegian Regional Ethics Review Board (2016/804/REK nord). All women participating in the surveys gave explicit written consent for the use of the data. We followed the Strengthening the Reporting of Observational Studies in Epidemiology recommendations. 9 Incontinence questions of the HUNT2 and HUNT3 survey started with an entry question whether the participant experienced involuntary loss of urine (Appendix 1). If the answer was yes, she was asked to answer more specific, validated questions 10 : "Do you leak urine when you cough, sneeze, laugh, or lift something heavy?" and "Do you have involuntary loss of urine in connection with sudden and strong urge to void?" with response options yes or no.
Symptom severity was categorized as slight, moderate, or severe, assessed using the Sandvik Severity Index 10 (Appendix 1). In the current study, we defined women reporting SUI (with or without UUI) and UUI (with or without SUI) with severity of moderate or severe as having the condition.
Body mass index (kilograms per square meter) was calculated from direct measures of height and weight at the HUNT screening station at the time participants completed their surveys. We linked these HUNT2 and HUNT3 information to data from the Medical Birth Registry of Norway, 11 which has registered information on all deliveries in Norway since 1967.
Information on parity and years since last delivery were also obtained from the birth registry. If a woman had participated both HUNT2 and HUNT3, we used survey information from HUNT3 to maximize the time from the last delivery to assessment of urinary incontinence. However, if a participant was excluded from our analyses in HUNT3 (because of a current pregnancy or being in the first postpartum year at the time of the survey), we used the available information from HUNT2.
Based on earlier literature, 6 we hypothesized that increases in both SUI and UUI associated with both forceps and vacuum deliveries would be greater in women younger than 50 years vs those 50 years old or older and tested the hypothesis with a test of interaction. Because we found significant interactions (P < .01) consistent with all hypotheses (larger impact with both forceps and vacuum on both SUI and UUI in younger women), we present results separately for women aged younger than 50 years and 50 years old or older.
We adjusted these analyses, presented separately for SUI and UUI, for the following prespecified known risk factors: age, 2 body mass index (BMI; <25, 25e30, !30 kg/m 2 ), 5 parity, 12 and years since last delivery. 12 We also performed a sensitivity analysis that included along with age, parity, BMI, and years since last delivery, adjusting for the weight of the each participant's heaviest baby.
To calculate the absolute risk increase of SUI with forceps delivery, we estimated the absolute risk of patient important/bothersome SUI after spontaneous vaginal delivery using a large population-based study 13 : 12.0% for SUI after spontaneous vaginal delivery among women aged younger than 50 years and then used the odds ratio (OR) to calculate the absolute risk increase with forceps delivery. 14 We also performed longitudinal analyses including women who delivered during follow-up (except if surveyed during the first postpartum year or during pregnancy at baseline or followup). Although of all HUNT2 participants, 72% of women also participated in HUNT3, these analyses were underpowered, with no statistically significant effects of delivery mode on SUI or UUI detectable. Summary data of these analyses are shown in Appendix 2.
Finally, to estimate selection bias, we compared the baseline characteristics of responders and nonresponders. The statistical software package SPSS 24.0 (SPSS Inc, Chicago, IL) was used for all data analyses.
Results
A total of 55,080 women participated either in HUNT2 or HUNT3 or both. Of these, 28,322 women were also included to the Medical Birth Registry of Norway and responded to the surveys. We excluded women who had ever given birth before 1967, had any cesarean delivery, had both vacuum and forceps deliveries, or were nulliparous, pregnant, or in the postpartum year at the time of survey.
The final analyzable sample was 13,694 women ( Figure 1 ). Moderate to severe SUI and UUI were reported by 1745 (12.7%) and 1157 (8.4%) women. Characteristics are summarized in the Table and grouped according to mode of delivery. In comparison of responders (n ¼ 13,694) and nonresponders (n ¼ 2834; Figure 1 ), we found that women who did not answer the UI questions were slightly younger and had lower BMI but were without differences in parity, delivery mode, and time since last delivery (Appendix 3).
In women aged younger than 50 years, when comparing forceps with spontaneous vaginal delivery, forceps delivery had a higher risk of SUI (OR, 1.42, 95% confidence interval [CI], 1.09e1.86) but not in women aged 50 years or older (OR, 0.96, 95% CI, 0.67-1.37) (Figure 2 ). The absolute increase of was AJOG at a Glance Why was this study conducted? There are no prior studies directly comparing different kinds of operative vaginal deliveries for risk of both stress and urgency urinary incontinence.
Key Findings
For women, aged younger than 50 years, forceps delivery, but not vacuum, is associated with significant increased long-term risk of stress incontinence.
What does this add to what is known?
These data provide an additional rationale for vacuum over forceps when considering long-term incontinence and help decision making between forceps and vacuum.
Original Research GYNECOLOGY ajog.org approximately 5.0% in bothersome SUI when comparing forceps delivery with spontaneous vaginal delivery in women aged younger than 50 years. No difference was found between spontaneous vaginal delivery and vacuum in either among those aged 50 years or 50 years or older ( Figure 2) .
When comparing forceps with vacuum delivery, forceps had again a higher risk of SUI in women aged younger than 50 years (OR, 1.76, 95% CI ,1.20e2.60) but not in women aged 50 years or older ( Figure 2 ). When comparing forceps delivery with spontaneous vaginal delivery, forceps delivery had a nearly significant increased risk of UUI in women aged younger than 50 years (OR, 1.39, 95% CI, 0.98e1.97) but not in women aged 50 years or older (Figure 3) .
In other analyses of UUI, there were no statistically significant differences between different modes of vaginal delivery ( Figure 3) . Finally, in sensitivity analyses with adjustment for the weight of the each participant's heaviest baby, we found no material differences in the estimates (Appendix 4).
Comment
In this large, population-based study of women across a wide age range, forceps delivery was associated with a significantly increased long-term risk of SUI among women aged younger than 50 years, but there was no longer a measurable impact for women aged 50 years or older. For UUI there was a nearly significant impact on the risk of UUI with forceps among women aged younger than 50 years.
The strengths of the current study include a study population representative of the general population in numerous aspects, including income, age distribution, morbidity and mortality, 15 assessment of urinary incontinence symptoms with validated instruments, adjustment for major established risk factors of SUI and UUI, and linking of incontinence data to the Medical Birth Registry of Norway, which covers all births in Norway since 1967. Furthermore, our material was unaffected by the selection bias typical of clinic-based studies as a result of treatment seeking. Finally, we not only the estimated relative effects but also provided absolute estimates.
This study has some limitations. First, although this is the largest available study of the impact of different types of operative delivery on UI subtypes, we did not have enough statistical power for longitudinal analyses. Second, women in this study were predominantly of European heritage, and results should be interpreted with caution for other ethnic groups. Third, we do not know how many of the women were incontinent before deliveries. Fourth, there may be confounding between the nature of the delivery and the choice of delivery method: clinicians may have chosen forceps for more obstructed labors, with greater cephalopelvic disproportion.
Given the long time period over which eligible women for these analyses might have delivered (1967e2008), it can be questioned whether these results are generalizable to current obstetric practice. Certainly in Norway during these decades there were measurable shifts in practice, with more cesarean deliveries, more vacuum deliveries, and a rise and then fall in forceps deliveries. 16 It is unclear whether the changes in frequency of use of the procedures are associated with different impacts on incontinence; however, we adjusted both for maternal age and years since last delivery in multivariate analyses, which should have helped to control for differences because of changes in proportions of each kind of delivery over time.
We considered carefully the choice of covariates in multivariate analyses. Although associations in the literature between perineal trauma and UI are inconsistent, [17] [18] [19] this may be one mediator or marker of the association of mode of birth and incontinence. We ajog.org GYNECOLOGY Original Research were not, however, able to adjust for episiotomy or perineal trauma. Epidural may increase the use of forceps or vacuum 20 but was not available in our data. Birthweight, and particularly weight of the heaviest baby delivered by a woman, have been previously associated with a risk of incontinence. [21] [22] [23] We did not find an association between birthweight and mode of delivery but nevertheless tested the main model with and without inclusion of the weight of each participant's heaviest baby, finding no material difference.
In common with almost all surveys of UI, the response rate for UI items was less than for questions about less stigmatizing conditions. Approximately 17% of potentially eligible women did not answer the incontinence questions. We found that nonresponders were slightly younger and thinner than responders but found no differences in other characteristics. How this nonresponse might have had an impact on estimates of association between mode of delivery and UI remains uncertain.
There are no randomized trials comparing the risk of SUI or UUI between spontaneous vaginal delivery, vacuum and forceps deliveries, or observational studies comparing the risk of SUI or UUI between vacuum and forceps deliveries. In the Norwegian EPINCONT study, 24 also using HUNT2 data, results were given for any incontinence, whereas the current study defines cases based on moderate or severe stress cases and distinguishes SUI and UUI.
The former study also compared vacuum deliveries with all other vaginal deliveries, that is, a combination of spontaneous vaginal deliveries and forceps deliveries, and compared forceps deliveries with a combination of spontaneous vaginal deliveries and vacuum deliveries. This means that both control and comparison groups included 1 form of instrumental delivery; this was especially relevant because 46% of the instrumental deliveries were vacuum and 54% forceps. They did not show any difference in the risk of SUI when comparing spontaneous vaginal delivery and forceps (OR, 0.8 95% CI, 0.7e1.0).
In a recent systematic review, 6 no difference was found in the long-term prevalence of SUI between vacuum delivery and spontaneous vaginal delivery (2 studies 13, 25 ; OR, 1.10, 95% CI, 0.80e1.51), concurring with our current analysis. However, in the same systematic review, 6 no difference was found in the risk of SUI between forceps and spontaneous vaginal delivery (3 studies 13, 26, 27 ; a Spontaneous vaginal delivery indicates a history of spontaneous vaginal deliveries only. Vacuum indicates a history of at least 1 vacuum delivery but no forceps deliveries. Forceps indicates a history of at least 1 forceps delivery but no vacuum deliveries; b Value of P < .05 regarding between-group differences; c We defined women reporting stress urinary incontinence (with or without urgency urinary incontinence) and urgency urinary incontinence (with or without stress urinary incontinence) with severity of moderate or severe as having the condition. Original Research GYNECOLOGY ajog.org OR, 1.16; 95% CI, 0.71e1.89; heterogeneity: P ¼ .06, I
2 ¼ 65%). This pooled analysis is inconsistent with our results. However, here we include substantially more participants than there were in these 3 earlier studies combined. 13, [26] [27] Furthermore, there are methodological concerns regarding earlier work, including reliance on maternal recall of obstetric exposures, 26, 27 which is known to be unreliable for classification of forceps and vacuum. 28 Many UI risk factors (BMI and comorbidities) associate with age. 29, 30 Our results concur with previous studies reporting that the association of vaginal delivery on UI diminish in older age. 6 There is still probably an underlying association with mode of delivery in older age, but it is more difficult to detect because of competing causes of incontinence that, in this context, represent random error.
There remains wide practice variation in both the overall rates of operative delivery and choice of method. 31 Forceps are less likely than vacuum to fail to achieve a vaginal birth. 31 However, with forceps facial injury is more likely, 31 and forceps delivery is associated with an increased prevalence of pelvic organ prolapse, whereas vacuum delivery is not. 13, 31 In low-and middle-income countries, less than 1% of institutional deliveries are operative deliveries with vacuum preferred over forceps. 32 In the United States between 2005 and 2013, approximately 5% of the deliveries were vacuum and 1% forceps deliveries. 33 In 2016, approximately 9% of deliveries were vacuum and 1.6% forceps deliveries in Norway. 16 For informed decision making between forceps and vacuum, we need accurate, unbiased estimates about their immediate and long-term consequences. These data provide an additional rationale for vacuum over forceps, at least when considering long-term incontinence. The estimates provided here are useful when counselling women about the risk and benefits of different delivery modes. n Age-stratified impact of mode of vaginal delivery on UUI Age-stratified, younger than age 50 years vs age 50 years or older, impact of mode of vaginal delivery on UUI in the multivariate analyses. Age-stratified impact of mode of vaginal delivery on SUI Age-stratified, younger than age 50 years vs age 50 years or older, impact of mode of vaginal delivery on SUI in the multivariate analyses. The analyses were adjusted for age, body mass index, parity, and years since last delivery.
CI, confidence interval; OR odds ratio; SUI, stress urinary incontinence; SVD, spontaneous vaginal delivery. Original Research GYNECOLOGY ajog.org
